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The flow over triangular w i n g s  of low a p e c t  ratio at low scale 
is characterized by vorticos &bo- the upper surf&ce of the wing,  
inboard of the t i p .  These vortlces ai& in o b t a i m  hfgh maxhnm 
lift coefficients, and they can be groduced at large eca le  by using 
a l r f o i l  sectiana having sharp leading edges. 

It appears that with triangular wi-mge of aspect ratio of about 2 
maximum l i f t  coeff  lcionta of the  order of 1.2 can be obtained. The 
correega~dlng angles of attack, however, are Ifkely to be caneiderably 
-gar than thoee for exieting conventional airpkme~. FuTthermore, 
since the lift-drag ratio approaches 1, the %lee of descent without 



pmor are  likaly to be prohibitive end airpZenea using this type of 
wing probably w i l l  not Lend safely without power. 

Roemrch directed toward the attainment of eupersonic flight hae 
Led to interirst in the high-s'ped characturietlcs of wing8,Of high 
swecsp and of low aapect ra t io .  At pxment, however, thora l a  only 
limited full -scale data on tho  maxim lift and efaUlng charm - 
taristice of such w l n g ~  A n  investigation of the EM-1 glider, vfiich 
wae designed fn Germany aa a prt  of a reosarch progrcm dlrectad 
towaxd t h o  di jvebpant  of a euporsonic airplum, m a  =de in tho 
1,mgley full-scale tunnel to obtain information on tho characteristics 
of an airplane configuration hevine; an approximately triangular p k n  
form. The first  teota of t h e  I1M-1 glider in the  Lcngley fUl-scale 
tunnel disclosed that the.maximum lift caofficient of the glider 
W&B considerably lower than had been inafcakd by pre-Jioue small- 
scale t es t8  of similar. configurationa a t  DYL in f3xzmny and in 
-scvordL t u n n u l s  .a the k i t e d  S t a t e s  (Bee rofsrance 1). The progem 
wae thorofors interrupted asld &13 investigation to daterminr: the 
causa of tho low maximum l i f t  waa Wertakon. Tho pr~sant paper 
includes a dotailod account of'the, steps bad,ing to a s  u80 of a 
sharp Leadine; edge to improve the m a x i m u m .  llft coefficient, a 
discu~lsion of the aerodynamic phenomm involved, end c m e 8  ahcwing 
the acrodynmic characteristics of severelmodificatime of the 
D"1 glider: 
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D”l Glider and Modification8 

The basic configuration f o r  the investigation waa t he  origfnal 
IM-1 glider, which had the control-balance slots open and t h e  large 
vertical f i n  an. The first mcdification made impove the meximum 
lift characteristfca waa t he  addition to the wing of the semispan 
sharp leading edge a h m  In figure? l ( b )  . Next, tple vertical fin m a  
removed whfch left the glidm 86 shorn in f igurea 2 (b 1 and 2(c) . The 
three carrfiguratime tested with the vertical f€n removed  were: 

(1) Glider w k g  with cmtrol-balance elate open 



4 

flneLl S c a l e  Models 

AB a further aid i n  the etudy of the characterist.ic8 of the 
flow over t h e  IM-1 glider, two models, m e  having 
airfo- i l  section8 15percent  thl.ck and the  other having very thin and, 
sharp-e&ge sactlone, were conetructed for t e s t e  in the ---scale model 

of the Langley full-scale tunnel. (reference 2 ) .  Theee tnodele were 
not exact scale models of the IN-1 glider, but  had the same aspect 
ra t fo ,  the same ratio of modo1 size to  tunnel size, and s l igh t ly  
greater eweeyback. 

1 
15 

The aerodymmtc ch8.raoteristics of each glider ccnfl%uratim . 
were determined throughout the anglo-of -attack mmge at zero angle 
of yaw. The tunnel airspeej. for the full-ecale teste m e  lirnlted to 
approximately 45 miles per hour, bscawe of the light; etructure  
imfde the gllder tha t  WBB available for connecticn with th? modal 
supporting struts. This airspcscl corresponds to a Reinolds number 
of 4 . 5 ' ~  10 based on the mean- geometrfc chord of 10.97 f ee t .  For 
each of %he glider and model configuratiom inveetfzatea, thu di- 
rectian of the'flow and the progrtre~~ion of the stall, a8 iridicakd 
by'wool yarn tufts attached t o  the wing, were determined. Obser- 
vationa of the flow vere also made by use'of zinc chloride m k o .  
The direction and n a t u r s o f  flow over the model win@ were observed 
with a single wool Atreamer attached to tho end of ~i hmd-held probe. 

6 
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appeared to  exist. 

The investigation of the flow over the --scale model8 in the 1 
1% 

5 

model tunnel showed, in agreemnt with references 1, 3, and 4, that 
the -8 stalled. at rtngles of attack near 40°, and there was no 
particular -evfdence of tip  stalling a t  angfe~ of-attack below 
mum lift. Furthemore, there was no siguificant difference in 
the flow for the sharp-edse thin eectlon and f o r  the 15-percen-b 
thick  wing. The flow for these model win@ was characterized by 
two vmtice8, whfch originated at  the &-x of the triangle and 
increased i n  eize BB they passed dawnatream, Mth their COT88 

locat,ed ebove the upper surface of the wfng and tnboard of the tips. 

Tuft eurveya and emake-flow st~dies made of the full-scale 
E”l glider showed that no vortex flow auch as that f o r  the -scale 

model existed d ~ o v e  t h e  upper eurTace of the whg. The only vortices 
present w e r e  the usual me8 origFnating at the ~ 3 %  t fps .  Diagram 
for  the flow patterns over tho M1-8-10 IM-1 glider end the 

15 

Lacale modeler &e sham in figure 5. The reasan fcr the funaamSnfa1 
15 
difference between the flow patterns is believed -to be ae follows: 
According to the theor3 of reference 3, the flow about a kiaqular 
w- can be reprasented a8 t he  sum of a CTOEIB ccmpmnt, which at 
each transverse section is approximately .the theoratical two-dlzlonsional 
flow about the sectzon (Bee fig. 5(b)), anil the lan&itudinal conrpomnt. 
In general, such a two-dimensional transverse flow cannot ex is t ,  
because of the bound-1-layer separation around the  highly c m e d  
oQa8; however, when the lonyftudinal velmity  component ia canbined 
w i t h  thetrez~vorsir corn-vcnent, the boundary layer  follcwa an easy 
cume around the lsadJ3;T edge a3 indicated In figure 5(a)  md is 
not  necessarily forced to separate. For either the actual U d e r  or 
the snasll models. ft fs expected thet ,  e v m  at l o w  an&es of attack, 
the bo-mdezy layer in this flcw around tho laadFng e Q e  could not 
withstand the adverse preeeure gradient just; behind t he  1ea.dIng edge. 
For the full-scale glider, any eepration of the luninar layer would, 
however, merely induce traneitian to a turbulent layer, which . 

event- would ecparata near the trailing edge. On the --scale 
model, hmvor,  such e a n e i t i m  doe8 nct ocmr, because of the l o w  
Reanolds nunibem. (Stre reference 6 .  ) Hence, the flow ssparatas 
c a ~ ? l e t s l y  near the leading edge, an& the C ~ O E I B  capanent takes ap 
the appearance of f i&ure 5 (d) . When the l o n g i t u d l m l  cmponent of 
the voloci ty  l e  auperircpossd, the trail- vorticee a m  formed 
above the upper surface of t he  nodel k < q ,  as indicated in 
figma ? ( c ) .  S W ~  vortices have bean observed at the side of 
EL rsctanguhr flat plate bg W i n t e r  (reference 7). The ectusl e t a l l  

1 
=5 
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possibly occur6 at the angle of sttack for uhich a s h a m  l ine  of 
the flow o f f  the leading edge fails to curve over enough ta meet 
t h e  uppr surface  of the -wing again before it trails dowmtream. 

It appeared that If the vortex a c t i o n c o u l d  be produced on the 
full-scale glider, b r g e  gain8 in the maximum lift coefficient 
w o u l d  resnl-t. Inasmuch a~l  t h e  phenomenon w88 attributed to a 
sepmtion at t he  leading edge of, the I+& it wae decided to force 
thiB seprat icm by providing the f u l l - S C d f J  w i n g  w f t h  a eharp leading 
edge. Preliminary investigstfons  Indicated that a 3-inch strip of 
sheet metal projecting outwad f'rm the viuj leeding edge and 
extending half m y  along it (flg. l ( b ) )  would produce t h o  desired 
re8ulte. Smoke-flow observation8 and tuft. survey8 Indicated that 
the large vortices originating a t - t h e  agex of the tr imgl.0 which 
were observed at low ecale ware then present over t he  full-scale 
glidor. The a e r o m c  charactsri~tic8 for this ccnfiguration 
are shown In figure 3. The maximumolift yae incraaeed to  a value 
of 1.01 at an -le of atteck of 31 , The drag coefficient was 
not  increased appreciable amount at l m  l i f t  coefficients. 
The stable slope of the pitchlnglnomont curve was reduced by tple 
sharp leading e m ,  and the tuft surveys (ffg. 4(b))  indicated a 
tendency tarard tip s t a l l i n g .  

.. 

The results  obtained w i t h  this canfigwaticn, together w i t h  the 
exploratory work done at low scale had accompliehed the origfml 
objective of dotermining the. reaeon for cnd corrsc t ing  the low 
maximum lift . However. inasmuch ae both Athe unusually lm-80 control 
balance qhps a d  the large original vertical f l n  may Cleo have been 
affecting the maximum-lift char&cteristice of the airplane adversely, 
a further Investigation was made. to determine their effects trnd also 
to deteminc the influence of sharp l ,sdiniJ eQoa on t h e  mar-irmun lift 
of the wing alone. The resulte of thia Fnveetigatfon a r c  s h m  In 
f i , p r o  6. The m a ~ r i r o m  lift coufficient, baeed oa the w3n.g area of 
t h e  basic  canfiguration increaeed to 0.9 when tho  vmtfcc l l  f in  
wae r m v e d  I The l i f t  curyo e t i l l  begine to break at a lift ccef - 
ficlent of about 0.6 and an angle of sttuk of about l@, E*a was the 
c a m  w i t h  t he  fin on. Closing the elevan cnntrol-bhlanco d o t s  
increaeed the maximum l i f t  coofficient to 1.@5- W i t h  the addition 
of the sharp lead- edgm, the hi8huat maximum lift cocfficfent 
(1.24) was obtained. Tuft photographs for the threo  fin-off 
configurcltians are  shrm in ffgurce 4(c) to 4(e). A 0  uae the 1 x 8 0  
wlth the vertical fin on, tho Increases ln drag cocffieicnt at the 
low angles of attack due t o  the 8 b ~ q  lea- eQcs do nct &p_p~s~: 
significant. The aharp leading edges attached to the wins for these 
teste were not faired into the w i q ,  and it is grckble  that a wing 
hav- s h a r p - l o a d ~ - e d , g e  airfoil sec'Yiane m u l d  have l c e s  drq. 

The maxfmum Uft coefficient obtained for thr, opt- 
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configuration i e  fin g o d  agreement wfth the madel reaults, and 
w i t h  the  low-scale 1.esults 013 referent-1, 3, etnd 4. It is of 
intorest, alao, t o  note that eccordirq to tho theory of reference 5 

= ZA or 2.83 f o r  the present  case; whereas the erperizental 
da 2 
d u e  is only abcut 2.26. As pointed out .In reference 5,  tho simplified 

theory overestimates --. - fGr aspect ratios above 1.0; the value 

given for el l iptrcal .  wing8 by the more enact theory of I(4’fenes l e  2.39 
fo r  an aepoct  ratio of 1.8 ( f ig .  5 of reference 3 ) .  The Elope of the 
l i f t  curve (fzg;. 6 )  incremes from 1.8 at  low angles of a t tack to 
approxinvltely 2.26 and then tlecre-ams t o  1.2 f o r  angles of attack 
above 28O. The value of 2.26 w a e  used in the preceding comparison, 
since it covers the etrei&t-line p a r t  of the lif f; curve. 

dc, 
La 

In order to dekrmfre the usefuheee oof the mxFmum lift 
obtained, the values of the l i f  t-drag rc.tio m - a t  be considered einco 
t h i s  r e l a t imeh ip  determines the pomr-of f rake of dement.  A t  a 
lift coefficient of 1.0, the lift-drag r e t i o  18 2.5, which 
correepmds t o  an of descent of about 22 and a rate of descent 
of 0.37 time the flight speed. A t  a lift coefficient of I .2, the 
lift-drag rctio is 1.5 and the corrasponding esgle znd rate of dement 

concluded that f f  &ny reasonable rate of doscont €e to be mfntafned 
f o r  afrplanee with w 3 g a  simfkr t o  that of the DEi-1 glider, it wil3 
be  necessary e i tho r  to w e  power for landing o r  to r e s t r f c t  the design 
t o   r e l a t ive ly  IGW xi% loadbge. 

0 
34 and 0 -$ tima8 the f l i g h t  speed, re8paCt iVdy.  It fS 

I 



when med in highly swept -back wtngs. 

The flow over triangulax a g s  of low aspect rat.10 at low scale 
it3 eimilar  to thst which E. W i n t a r  (see KACA M No. 798) observed 
over rectangukr f lat  plates of l o w  aepect ratio &a3 ie characterized 
by vortice8 above the upper surface of  the wing inboard of the t ipa.  
The action of these vortfces 113 favorable in mlntaining orderly flow 
over the upper surface of the w i n g  to very hlgh angles of attack and 
thereby  aide i n  obtaining relatively hi& maxlmm lift coefficients. 
A t  large Reynolds nlrmbera this vortex flow c m  be produced by using 
airfoil  sectianer haviw.aharp leading edgee, or very small leading- 
edge radii. 

W i t h  triangular  wing^ of aspect ratio of about 2, maxlrmun l i f t  
coefficienka of the order of 1.2 can be obtained. m e  corresponUfng 
w l e s  of at tack,  however, w i l l  be coneiderably p e a t a r  than those 
for conventional airplanes. Furthermore, efnce the lift-drq ratio 
is approaching 1, the angles 09 descent without power are l ike ly  
t o  be prohibitive and airplanoa 1181% tpl is  type of w b g  probably 
will not land safely without mer. 

L a q l e y  Memorial Aeronautical Labor&tory 
National Advfeory C o m t t t e e  for Aeronautice 

Langley Field, Va. 
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TABLE I 
10 

Wing: 
span. faet ............................................... 19.6 

WeB, 8qUB.LW feet .................................. 215.0 

fLirt'oi1 e e c t i m  ..................... ~ p p m u n t e l y  NACA 0015-64 
~ic laz~lss ,  psrcent ch crd ................................... 15 

Aspect ratio .............................................. 1.8 

Point of grehtust thickness, Nrcunt chord ................. 40 
Root chord, fect ........................................ 20.75 
Mean gaametric chord, feet ............................... 3-0 997 
W i n g  t w i s t ,  degraes ......................................... 0 
Dlhodrel, ~ o g r 6 0 8  ........................................... 0 
S ~ ~ e p b e c k  (L.E.), d q p z s  .................................. 60 
Swespforvazd (T .E. 1, clegress ............................... 15 
Vertical location of center of gravity, parcent r m t  chord 

fram chord l ine  ........................................ 0 
Horizontal location of centcr of @ravitg, percent root  chord 50 

Eorizontd ccntrol surfhces: 
Total devon area, 0quaxe feet ........................... 23 - 3  

Elevon hirqe location, percent chord ....................... 27 
El.evator anglo -a, degreee ....................... 28 53 -24 
Aileron engle range, d3grcea ........................ 21 to -21 
T o t a l  t r i m  f lap m e ,  equare feet ........................ 6 * 9 7  

Elevon chord, f ea t  ....................................... 1-95 

Trim fla3 chord, feet .................................... 1.38 

Vert ical  teil: 
H e i g h t .  fuet ............................................. 0.38 
*ea, (to chord l ine 02 ~ 3 % )  equarci feet ................. @ -6 
Asp&% rstfo ............................................... 8e 
Airfoil Bactian ..................... Approxfmate ly  ISCA c015 -64 
T h i C h l e 8 8 ,  p r c o n t  chord .................................. 175 
Point of graateot thicknese ............................... -40 
Root chcrd, feet ......................................... 13 *7 Angle of sweepback (L .E.). &@mea ......................... 65 
Angle of sveegforward (T.E.), acgraes ....................... 0 
Rudder m o ~ r ,  squaro f bet ................................. 8.01 
Rudder chorb . feet  ....................................... 1-32 Hinge location, percent ................................... -2'7 
Rudder engle. degrme ..................................... @3 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS . 
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Fig. Ib NACA RM No. L6K20 
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(a) Orighal configuration; three-quarter side view, 

Figure 2.- The DM-1 glider mounted on the Langley full-scale-tunnel r 
bahnce supports. 
" F 

F 

. .  
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(b) Vertical fin removed; side view. 
I 

Figure 2.- Continued. 

I 
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NACA RM No. L6K20 Fig. 2c 

(c) Vertical €in removed and semispan sharp leading edge attached; 
top view. - 

Figure 2. - Concluded. 
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Fig. 3 
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a = 16.1 

Fig.  4a 

I a = 20.1 

(a) 0rigina.l DM-I glider. 

Figure 4.- Tuft surveys of the flow over the DM-1 glider. 



NACA RM No. L6R20 - Fig. 4b 

a = 18.9 

- a = 31.4 

(b) The DM-1 glider with semispan sharp leading edge 
installed. 

Figure 4.- Continued. 
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Fig. 4c 

a = 14.5 
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a = 34.5 - 
(d) wing of DM-1 glider with elevon control balance 

slots sealed. 

Figure 4.- COntinued. 
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NACA RM NO. L6R20 4-t Fig. 4e 

a = 14.5 

a = 34.3 
(e) Wing of DM-1 glider with elevon control balance slots 

sealed and semispan sharp leading edge installed. 

Figure 4.- Concluded. 4-b 
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